esp@cenet Family list view 



Family list 

2 family member for: 
JP8036145 

Derived from 1 application. 

1 OPTICAL FILTER AND STEREOSCOPIC DISPLAY DEVICE USING THE SAME 

Publication info: JP2919759B2 B2 - 1999-07-19 
JP8036145 A - 1996-02-06 



Data supplied from the esp@cenef database - Worldwide 



esp@cenet document view 



1/1 ^— i> 

! 



OPTICAL FILTER AND STEREOSCOPIC DISPLAY DEVICE USING THE SAME 



Publication number: 
Publlcatton date: 
Inventor: 
Applicant: 
Classification: 

- international: 

- european: 
Application number: 
Priority number(s}: 



JP8036145 
1996-02-06 

MASUTANI TAKESHI: HAMAGISHI GORO 
SANYO ELECTRIC CO 

G02B27/22; G02B27/22; (IPC1-7): G02B27/22 
JP1 9940285731 19941118 

JPl 9940285731 1 9941 1 1 8; JP1 99401 041 62 1 994051 8 



Report a data error here 



Abstract of JP8036145 

PURPOSE:To enable stereoscopic viewing of small 
pixel pitches as well by forming barriers in such a 
manner that barrier pitches are irregular and that 
the average barrier pitch attains the ideal barrier 
pitch calculated from an inter-eye distance and pixel 
pitches. CONSTITUTIONiThe parallax barrier is 
formed by dividing the entire part into vertical strif)e- 
like plural cycles D. The barriers (painted out parts) I 
where two kinds of the barrier pitches A, B are 
made to randomly coexist are formed in the 
respective cycles D. The barriers 1 are so formed 
that the average barrier pitches of the respective 
cycles D attain the ideal barrier pitch B calculated 
from the inter-eye distance E and the pixel pitches. 
Such barriers 1 are formed by procedures of 
applying a high-resolution photosensitive emulsion 
on a glass substrate, Irradiating the barrier forming 
parts with a laser beam by using the conventional 
laser device and blackening the parts and removing 
the high- resolution photosensitive emulsion of the 
parts which are not blackened. 
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To provide an optical filter capable of 3D viewing even with small pixel pitch 
and to provide a directly-viewed glasses-free 3D display device employing the same 
despite fabrication by using a conventional manufacturing apparatus. 
[Constitution] 

The whole is divided into a plurality of cycles D having a longitudinally striped 
shape, a barrier 1 is formed so that average barrier pitches A and B of each cycle D are 
unequal and the average barrier pitches of each cycle D are an ideal barrier pitch 
calculated from the distance between the eyes and a pixel pitch. 



[Scope of Claim for Patent] 
[Claim 1] 

An optical filter provided a plurality of openings with minute widths arranged 
in a grid-like pattern, characterized in that the opening is formed so that an opening pitch 
is unequal and the average of the opening pitch is an ideal value calculated from a 
distance between the eyes of an observer and a pixel pitch of an image display screen. 
[Claim 2] 

An optical filter characterized in that the opening pitch is set so that light from 
the pixel of the image display screen converges into the pupils of an observer. 
[Claim 3] 

The optical filter according to Claim 1 or 2, characterized in that the whole is 
divided into a plurality of cycles each having a longitudinally striped shape and the 
opening pitch of each cycle is unequal. 
[Claim 4] 

A 3D display device characterized in that the optical filter, according to any one 
of Claims 1 to 3, is used as a parallax barrier and is positioned on an observer side of a 
light emitting or transmissive image forming device. 
[Claim 5] 

A 3D image display device characterized in that the optical filter, according to 
any one of Claims 1 to 3, is positioned on a light source side of a transmissive image 
forming device, light from the light source is transmitted through an opening of the 
optical filter, and light transmitted through a pixel for a left eye of the image forming 
device and light transmitted through a pixel for a right eye are emitted to the side of an 
observer in a separated state. 



[Detailed Description of the Invention] 



2 



[0001] 

[Field of Industrial Application] 

The present invention relates to an optical filter such as a parallax barrier and a 
directly-viewed glasses-free 3D display device using the same. The present invention 
also relates to an optical filter and a 3D display device using the same, which make 3D 
viewing possible even with a small pixel pitch despite being fabricated by a 
conventional manufacturing apparatus. 
[0002] 

[Related Art] 

As shown in an explanatory diagram of figure 1, a barrier pitch B of a parallax 
barrier to be used in a glasses-free 3D display device can be obtained with a distance 
between the eyes E and a pixel pitch P of an image, according to the following 
mathematical formula 1. 
[0003] 

[Formula 1] B=2PE/(P+E) 
[0004] 

Or conversely, the distance between the eyes can be obtained from the barrier 
pitch B and the pixel pitch P of the image, according to the following mathematical 
formula 2. 
[0005] 

[Formula 2] E=BP/ (2P-B) 
[0006] 

The ideal distance between the eyes E is generally considered to be 65 mm. 
When the pixel pitch P of the directly- viewed glasses-free 3D display device is 0.11 mm, 
the ideal barrier pitch B is, according to mathematical formula 1, 0.219628...mm. As 
shown in figure 2, when the pixel pitch is 0.110 mm, the distance between the display 
and the barrier ( air displacement distance ) is 0.85 mm, the barrier pitch is 
0.219628.. .mm, a beam in a portion surrounded by dotted lines in the vicinity of right 
and left convergence points with respect to respective 1000 pixels of right and left is 
thinned to 1/14 and its distribution is obtained by simulation. Presented are two 
convergence points, a and b, with a distance of 65 mm which is equal to the ideal 
distance between the eyes as shown in figure 3. 
[0007] 

As a method for manufacturing the parallax barrier, there is a method using a 
laser and a method using a printing technique. A procedure is adopted using the laser 
method in which a high resolution photosensitive emulsion with a film thickness of 2 to 
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3(xm is spread over a glass substrate, a barrier formation portion is blackened by 
irradiating it with a laser beam and a non blackened portion of the high resolution 
photosensitive emulsion is removed. The spot diameter of the above-mentioned laser 
beam is about 0.002 mm, and its irradiation location can be controlled in 0.001 mm 
(l\jun) or 0.0001 mm (O.ljiiti) units. The printing technique method uses a similar 
technique used in the printing of a conductor on printed wiring board and the barrier can 
be formed with an accuracy of approximately 0.01 mm ( 10(xm) . 
[0008] 

In the case of a projection glasses-free 3D display device, when the projection 
distance changes, the size of the pixel pitch is adjusted to conform to the barrier pitch; 
thereby, 3D viewing becomes possible. A parallax barrier manufactured at low cost by 
a method using printing can be used. On the other hand, in the case of a 
directly-viewed glasses-free 3D display device, it becomes necessary to have a parallax 
barrier in which the barrier pitch conforms to the pixel pitch because the pixel pitch is 
fixed. 
[0009] 

However, when the directly-viewed glasses-free 3D display device has a small 
screen, the pixel pitch is small; therefore, a parallax barrier having an ideal barrier pitch 
is difficult to form. 
[0010] 

For example, when using a laser method, in the case that the irradiation position 
is controlled in 1 ^m units, even if the formation of a parallax barrier having a regular 
barrier pitch of 0.21963 mm which conforms to the screen having a pixel pitch of 0.11 
mm is attempted only a parallax barrier having a barrier pitch of 0.220 mm which is 
larger than the ideal value, or a parallax barrier having a barrier pitch of 0.219 mm 
which is smaller than the ideal value can be formed. According to mathematical 
formula 2, the distance between the eyes E becomes infinite or 24.9 mm when calculated 
and 3D viewing can not be achieved. 
[0011] 

In the case that the irradiated location of the laser is controlled in 0.1 {jjn units 
and the parallax barrier is manufactured, a parallax barrier having a regular barrier pitch 
of 0.2196 mm as shown in figure 4 can be formed. In this case however, the 
manufacturing cost of the parallax barrier is considerably high. In addition, the 
distance between the eyes E calculated according to formula 2 is approximately 60 mm. 
Moreover, the distribution of the light beam is obtained according to a simulation where 
the pixel pitch is 0.110 mm, the distance between the screen and the barrier is 0.85 mm, 
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and the barrier pitch is 0.2196 mm and the light beam is thinned to 1/14 in a portion 
surrounded by a dotted line in figure 2 in the vicinity of left and right convergence points 
with respective to 1000 left and right pixels respectively. As shown in figure 5, 
convergence points, a' and b', were found to be largely misaligned with the ideal 
convergence points. 
[0012] 

In addition, if a parallax barrier having a barrier pitch of 0-21963 mm, which is 
closer to the ideal value, can be formed, the distance between the eyes E back-calculated 
according to formula 2 becomes 65.3 mm. As shown in figure 6, the convergent points, 
a' and b', become much closer to the ideal convergent points, a and b. 3D viewing 
equivalent to a parallax barrier having an ideal barrier pitch becomes visually possible. 
At the same time, the technique to make such a high definition parallax barrier has not 
existed so far. 
[0013] 

Furthermore, as a method for obtaining a stereoscopic image by producing 
parallax with the same effect as the above mentioned parallax barrier method, a method 
to change a light source into a slit light source is known. That is to say, it is a method 
to separate the light entering the left eye and the right eye by the formation of a striped 
light source. For example, a 3D display device using this method, as shown in figure 7, 
includes a liquid crystal display device 10 serving as an image display screen, a flat 
surface light source 11, and an optical filter 12 for obtaining a striped light source. As 
to the above mentioned liquid crystal display device 10, in the case of a double eye type, 
horizontal pixels are distributed alternately for a left eye image and a right eye image, 
and driven by a left eye image signal and a right eye image signal, respectively. 
Furthermore, the optical filter 12 has a plurality of openings (slits) 12a with 
microscopic widths which are parallel to the pixel column of the liquid crystal display 
device and the optical filter 12 is arranged on the side of the flat surface light source 11 
irradiated with light, in other words, between the flat surface light source 11 and the 
liquid crystal display device 10. This optical filter 12 cuts light from the flat surface 
light source 11 into stripes. In the liquid crystal display device 10, light passing 
through the left eye pixel (L) only reaches the left eye and light passing the right eye 
pixel (R) only reaches the right eye, thereby achieving 3D viewing. 
[0014] 

In the glasses-free 3D display device in which the above mentioned optical 
filter is placed between the above mentioned light source and liquid crystal display 
device to obtain a 3D image, as shown in figure 7, a pitch S between slits 12a of the 
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optical filter 12 can be obtained depending on the distance between the eyes E and the 

pixel pitch P of the image, according to the following formula 3. 

[00151 

[Formula 3] S=2PE/(E-P) 
[0016] 

Or conversely, the distance between the eyes can be obtained from the pitch S 
between slits 12a and the pixel pitch P of the image, according to the following 
mathematical formula 4. 
[0017] 

[Formula 4] E=SP/(S-2P) 
[0018] 

As mentioned above, ideally the distance between the eyes is generally 65 mm; 
when the aforementioned pixel pitch P of the liquid crystal display device 10 is 0.11 mm, 
the ideal pitch S between slits of the optical filter 12, according to formula 3, becomes 
0.220372...mm. 
[0019] 

Even in this optical filter, as in the above mentioned parallax barrier, the same 
problem with its formation occurs. 
[0020] 

[Problems to be Solved by the Invention] 

As mentioned above, up to now, it is thought that even if a parallax barrier 
directly-viewed glasses-free 3D display device which meets the ideal requirements is 
theoretically possible, it is not practical because of the manufacturing technique and 
cost. 
[0021] 

Likewise, it is thought that even if a slit light source directly-viewed 
glasses-free 3D display device which meets the ideal requirements is also theoretically 
possible, it is not practical because of the manufacturing technique and cost. 
[0022] 

This invention has been made in view of the aforementioned problems, and it is 
an object of the invention to provide an optical filter and a 3D display device using the 
same, despite being manufactured by the conventional manufacturing apparatus, in 
which 3D viewing becomes possible even with a small pixel pitch, 
[0023] 

[Means to Solve the Problem] 
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To achieve the aforementioned object, an optical filter according to the 
invention is characterized in that the opening is formed so that an opening pitch is 
unequal and the average of the opening pitch is an ideal value calculated from a distance 
between the eyes of an observer and a pixel pitch of an image display screen. 
[0024] 

Furthermore, the optical filter of the invention is characterized in that the whole 
is divided into a plurality of cycles each having a longitudinally striped shape and an 
opening pitch in each cycle is unequal. 
[0025] 

Moreover, the 3D display device of the invention is characterized by the 
arrangement of the above-mentioned optical filter, according to the invention, on the 
front face of the image formation device or between the image formation device and the 
light source. 
[0026] 
[Operation] 

If an optical filter of the invention is used for the barrier of the parallax barrier 
method, most of light that penetrates each opening from the pixel of the screen 
converges at two convergent points with almost the same interval of the ideal distance as 
in the case of the ideal barrier pitch and can be collected in the pupil of the observer's 
eye. The variations of the barrier pitch are ignored and 3D is viewed as in the case of 
employing a parallax barrier with the ideal barrier pitch, when viewed by the naked eye. 
[0027] 

In the optical filter of the invention, since intervals between the openings, 
namely, the barrier pitch may be unequal, the barrier pitch which can be formed by the 
conventional manufacturing apparatus can be mixed. 
[0028] 

Furthermore, even when an optical filter of the invention, in which the whole is 
divided into plural cycles of a longitudinal striped shape and the opening pitch in each 
cycle is formed unequal, is used for the barrier of the parallax barrier method, as in the 
aforementioned case of the ideal barrier pitch, the light which passes through each 
opening from the pixels of the screen approximately converges at the two convergent 
points having almost the same distance as the ideal distance between the eyes. The 
variation of the barrier pitch within each cycle is unnoticed and 3D viewing is achieved 
as in the case of employing the parallax barrier of the ideal barrier pitch, when viewed 
by the naked eye. 
[0029] 
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Additionally, in the abovementioned optical filter, since the interval between 
the openings within each cycle, namely, the barrier pitch may be unequal, the barrier 
pitch which can be formed by the conventional manufacturing apparatus, as stated above, 
can be mixed. 
[0030] 

Moreover, since the barrier pitch within each cycle may be unequal, the plural 
types of barrier pitches may exist and the barrier pitches of 3 types or more may be 
mixed within each cycle. However, for easy control of the manufacturing apparatus, it 
is desirable to combine two types of pitches, for example, a barrier pitch that can be 
manufactured larger than but closest to the ideal value and a pitch that can be 
manufactured smaller than but closest to the ideal value. 
[0031] 

In the case of mixing two types of barrier pitches in each cycle as described 
above, the mixture ratio can be easily calculated according to what is referred to as 
"tsurukamezan". For example, in a manufacturing method which utilizes a laser and 
controls the irradiated area in units of 0.1 |xm, by randomly mixing and arranging a 
barrier pitch of 0.2197 mm, which is larger than the ideal value of 0.219628 mm, and a 
barrier pitch of 0.2196 mm, which is smaller than the ideal value at a ratio of 7:18, an 
optical filter used as a parallax barrier having an average barrier pitch of 0.219628 mm 
can be manufactured. 
[0032] 

Furthermore, depending on the manufacturing method which utilizes a laser and 
controls the irradiated area in units of 0.1 ^m, by randomly mixing and arranging barrier 
pitches of 0.220 mm and 0.219 mm at a suitable ratio (such as 17:10«63:37), a parallax 
barrier having an average barrier pitch of 0.21963 mm can be manufactured. With a 
manufacturing method using printing, by mixing barrier pitches of 0.22 mm and 0.21 
mm at a ratio of 26:1(«963:37), the average barrier pitch is 0.21963 mm. 
[0033] 

In other words, using the currently used manufacturing apparatus as is, an 
optical filter which can be used as a parallax barrier having an average barrier pitch 
equal to the ideal value can be formed. Thus, a directly-viewed 3D display device with 
a parallax barrier can be obtained without increasing cost. 
[0034] 

An ideal average barrier pitch can be obtained, as for an optical filter arranged 
between the light source and the liquid crystal display screen to change the light source 
into a slit light source, and a directly-viewed 3D display device which uses a slit light 
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source method can be obtained. 
[0035] 

[Embodiment] 

Hereinafter, an embodiment in which an optical filter of the invention is used as 
a parallax barrier is specifically described in detail with reference to the attached 
drawings. 
[0036] 

As shown in figure 8, the whole of the parallax barrier according to 
Embodiment 1 of the invention is divided into a plurality of cycles D each having a 
longitudinally striped shape. As shown in figure 9, a barrier (shaded portion) 1 in 
which two types of barrier pitches A and B are randomly mixed is formed in each cycle 
D. Moreover, the barrier pitch 1 is formed so that an average barrier pitch of each 
cycle D is an ideal barrier pitch B (0.21963 mm) calculated from a distance between 
eyes E (65 mm) and a pixel pitch P (here, 0.11 mm). 
[0037] 

The barrier 1 is formed by steps in which a high resolution photosensitive 
emulsion is spread over a glass substrate with a film thickness of 2 to 3 |xm, a barrier 
formation portion is blackened by irradiation with a laser using the conventional laser 
apparatus and a non blackened portion of the high resolution photosensitive emulsion is 
removed. In this formation method, when the irradiation area of the laser beam may be 
controlled in 0.1 \im units, the barrier 1 can be formed with higher resolution. 
However, in this embodiment, the irradiation area is controlled in 1 jun units to form the 
parallax barrier at particularly low cost. 
[0038] 

There may be plural types of barrier pitches within each cycle D, and three or 
more types of barrier pitches may be mixed within each cycle. However, in this 
embodiment, two types of pitches are combined for easy control of the laser apparatus, 
for example, a barrier pitch A that can be manufactured larger than but closest to the 
ideal value and a barrier pitch B that can be manufactured smaller than but closest to the 
ideal value. 
[0039] 

A mixture ratio thereof, in the case of mixing two types of barrier pitches, A 
and B in each cycle in this manner, can be easily calculated according to what is referred 
to as "tsurukamezan". For example, a parallax barrier having an average barrier pitch 
of 0.21963 mm can be manufactured when barrier pitches A and B of 0.220 mm and 
0.219 mm are randomly mixed and arranged with a calculated result of (63:37) or by an 
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approximate ratio (e.g. 17:10). 
[0040] 

Here, the mixture ratio of barrier pitches A and B with a calculated result of 
(63:37) by "tsurukamezan" is also possible. In this embodiment, two types of barrier 
pitches, A and B, of 0.220 mm and 0.219 mm are mixed at A:B = 17:10 in order to 
obtain 3D viewing with high resolution by increasing the number of cycles by making 
the horizontal width of each cycle D smaller, to the extent that the deviation of an 
average barrier pitch from the ideal barrier pitch can be practically ignored. Thus, a 
parallax barrier with an average barrier pitch of 0.21963 mm and a horizontal length of 
5.93 nm per cycle is obtained. 
[0041] 

As shown in figure 9, in the parallax barrier in which two types of barrier 
pitches, A and B, of 0.220 mm and 0.219 mm are randomly mixed at a ratio of 17:10, 
when the pixel pitch is 0.110 mm and the distance between the screen and the barrier (air 
displacement distance) is 0.85 mm, the distribution of a beam in the vicinity of right and 
left convergent points with respect to 1000 right and left pixels respectively when 
thinned to 1/14 is obtained by simulation. It could be confirmed, as shown in figure 10, 
that the distance between convergent points a and b is approximately 65 mm and a 
function similar to a parallax barrier having a regular barrier pitch of an ideal value can 
be provided. 
[0042] 

When the parallax barrier is arranged in a location that is 0.85 mm from the 
screen on the front face of the screen including a liquid crystal panel with a pixel pitch 
of 0.11 mm and when images having different view points on the right and left are 
formed on the screen pixel by pixel and are directly-viewed and observed about 502 mm 
in front of the parallax barrier, a high quality 3D image could be observed. 
[0043] 

Furthermore, in the aforementioned embodiment, the parallax barrier is formed 
by a method which employs a laser apparatus that can control the irradiation area in 
units of 1 (xm. When an apparatus that can control the irradiation area in units of 0.1 
\im is employed, by randomly mixing and arranging two types of barrier pitches of 
0.2197 mm, larger than an ideal value of 0.219628 mm, and 0.2196 mm, smaller than 
the ideal value at a ratio of 7:18, a parallax barrier with an average barrier pitch of 
0-219628 mm can also be manufactured. In this case, the horizontal length of 1 cycle is 
5.49 mm. Similarly, also in the case of employing a printing technique, when barrier 
pitches of 0.22 mm and 0.21 mm are mixed by 26:1, the parallax barrier with an average 
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barrier pitch of 0.21963 mm and the horizontal length of 1 cycle of 5.93 mm is formed. 
[0044] 

The whole parallax barrier, according to Embodiment 2 of the invention shown 
in figure 10, is divided into a plurality of cycles D each having a longitudinally striped 
shape and a barrier (shaded portion) 1 in which three types of barrier pitches A, B and C 
are randomly mixed is formed in each cycle D. Moreover, the barrier 1 is formed so 
that an average barrier pitch of each cycle D is an ideal barrier pitch B (0.21963 mm) 
calculated from a distance between eyes E (65 mm) and a pixel pitch P (here, 0.11 mm). 
[0045] 

In the aforementioned embodiment, by employing an apparatus that can control 
the irradiated area in units of 0.1 \im, as shown in figure 11, three types of barrier 
pitches, 0.2195 mm (barrier pitch A) and 0.2196 mm (barrier pitch B) smaller than an 
ideal value of 0.21963 mm, and 0.2197 mm (barrier pitch C) larger than the ideal value, 
are randomly mixed within each cycle D and arranged as many as the barriers. 
Accordingly, a parallax barrier can be manufactured with an average barrier pitch of 
0.21963 mm. In the embodiment figure 11 shows, barrier pitches are randomly mixed 
so that the number of the barrier pitch A portion is 9, the number of the barrier pitch B 
portion is 3, and the number of barrier pitch C portion is 18 to arrange 30 barriers within 
three cycles. 
[0046] 

In each of the above-mentioned embodiments, the whole is divided into a 
plurality of cycles D each having a longitudinally striped shape and in each cycle D, a 
barrier, in which plural types of barrier pitches are randomly mixed, is formed. It is 
formed so that the average barrier pitch of each cycle D is the ideal barrier pitch B 
calculated from the distance between eyes E and the pixel pitch P. In the embodiment 
shown in figure 12 and figure 13, plural types of barrier pitches are entirely and 
randomly mixed without dividing the whole into a plurality of cycles each having a 
longitudinally striped shape. 
[0047] 

In Embodiment 3 of the invention shown in figure 12, two types of barrier 
pitches, 0,2196 mm (barrier pitch B) smaller than the ideal value of 0.21963 mm and 
0.2197 mm (barrier pitch C) larger than the ideal value are mixed not in a cyclical 
manner but at random and arranged as many as the barriers. Accordingly, a parallax 
barrier having an average barrier pitch of 0.21963 mm is formed. 
[0048] 
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In Embodiment 4 of the invention shown in figure 13, three types of barrier 
pitches, 0.2195 mm (barrier pitch A) and 0.2196 mm (barrier pitch B) smaller than the 
ideal value of 0.21963 mm, and 0.2197 mm (barrier pitch C) larger than the ideal value 
are mixed similarly not in a cyclical manner but at random and arranged as many as the 
barriers. Accordingly, a parallax barrier having an average barrier pitch of 0.21963 
mm is formed. 
[0049] 

Meanwhile, as shown in figure 14(a), in a 3D display device constructed of a 
liquid crystal display device 10 serving as an image display screen, a flat surface light 
source 11, and an optical filter (parallax barrier) 12 to separate the left eye image from 
the right eye image of the liquid crystal display device 10, by making a barrier pitch of 
the optical filter (parallax barrier) 12 an ideal barrier pitch, a beam from the liquid 
crystal display device 10 converges at two points with a distance of 65 mm which is 
equal to the ideal distance between the eyes. However, in order to achieve 3D viewing, 
it is not necessary for the beam to completely converge at two points. If the barrier 
pitch of the optical filter 12 is designed so that the beam from the liquid crystal display 
device 10 enters within the diameter of the pupil, for example, a diameter of 5 mm As 
shown in figure 14(b), 3D viewing can be obtained. Accordingly, by the design of the 
barrier pitch to satisfy the following formula 5, the optical filter 12 which can perform 
3D viewing can be obtained. 
[0050] 

[Formula 5] X=(Axmi+Bxm2+Cxm3+...Nxmn)/(mi+ m2+ m3+...mn) 
Here, A, B, C,...N: barrier pitch 
mi: the number of barriers of barrier pitch A 
m2: the number of barriers of barrier pitch B 

mn: the number of barriers of barrier pitch N 
X = the ideal value of a barrier pitch 

[0051] 

In this manner, according to the above-mentioned formula 5, by setting each 
barrier pitch and the number thereof according to the ideal value of a barrier pitch, an 
optical filter (parallax barrier) which can provide a 3D viewing can be formed. 
[0052] 

In the aforementioned embodiment, because the optical filter of the invention is 
used as the parallax barrier, the optical filter is arranged on the front face of the screen 
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that includes a liquid crystal panel. However, it is also possible to apply this invention 
to the directly-viewed glasses-free 3D display device in which the optical filter is 
arranged between the light source and the liquid crystal panel and the light which 
penetrates the slits of the optical filter and the liquid crystal panel is observed. The 
optical filter used in the slit light source method can be formed in the same manner as 
the above-mentioned parallax barrier shown in the figure 8. However, the ideal pitch 
between the slits varies some from the parallax barrier due to difference in method. 
[0053] 

As mentioned above, pitch S between the slits is 0.22037 mm in the optical 
filter used in the slit light source method. Accordingly, the whole of the optical filter is 
divided into a plurality of cycles D each having a longitudinal stripped shape and the 
barrier may be formed so that when two types of pitches between the slits are randomly 
mixed in each cycle D. 
[0054] 

Similar to the embodiment shown in figure 8, the whole of the optical filter 
according to Embodiment 5 of the invention is divided into a plurality of cycles D each 
having a longitudinal striped shape. As shown in figure 15, a barrier (shaded portion) 2 
in which two types of barrier pitches A and B are randomly mixed is formed in each 
cycle D. Moreover, an average barrier pitch of each cycle D is determined so as to be 
the ideal pitch S between the slits (0.22037 mm) calculated from the distance between 
eyes E (65 mm) and the pixel pitch P (here, 0.11 mm). The barrier 2 is formed 
according to this barrier pitch. 
[0055] 

The barrier 2, similar to the aforementioned embodiment, is formed by steps in 
which a high resolution photosensitive emulsion is spread over a glass substrate with a 
film thickness of 2 to 3 ^im, a barrier formation portion is blackened by irradiation with a 
laser beam using the conventional laser apparatus and a non blackened portion of the 
high resolution photosensitive emulsion is removed. In this formation method, when 
the irradiation area of the laser beam is controlled in 0.1 jim units, the barrier 2 can be 
formed with higher resolution. However, in this embodiment, the irradiation area is 
controlled in l[im units to form the optical filter at particularly low cost. 
[0056] 

There may be plural types of barrier pitches within each cycle D, and three or 
more types of barrier pitches may be mixed within each cycle. However, in this 
embodiment, two types of pitches are combined for easy control of the laser apparatus, 
for example, a barrier pitch A that can be manufactured larger than but closest to the 
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ideal value (here, 0.221 mm) and a barrier pitch B smaller than but closest to the ideal 

value (here, 0.220 mm). 

[0057] 

The mixture ratio thereof, in the case of mixing two types of barrier pitches, A 
and B in each cycle in this manner, can be easily calculated according to what is referred 
to as "tsurukamezan". For example, an optical filter having an average barrier pitch of 
0.22037 mm can be manufactured when barrier pitches A and B of 0.221 mm and 0.220 
mm are randomly mixed and arranged with a calculated result of (37:63) or by an 
approximate ratio (e.g. 10:17). 
[0058] 

Here, the mixture ratio of barrier pitches A and B with a calculated result of 
(37:63) by "tsurukamezan" is also possible. In this embodiment, two types of barrier 
pitches, A and B, of 0.221 mm and 0.221 mm are mixed at A:B = 10:17 in order to 
obtain 3D viewing with high quality by increasing the number of cycles by making the 
horizontal width of each cycle D smaller, to the extent that the deviation of an average 
barrier pitch from the ideal barrier pitch can be practically ignored. Thus, a parallax 
barrier with an average barrier pitch of 0.22037 mm and a horizontal length of 5.95 nm 
per cycle is obtained. 
[0059] 

As shown in figure 15, in the optical filter in which two types of barrier pitches, 
A and B, of 0.221 mm and 0.220 mm are randomly mixed at a ratio of 10:17, when the 
pixel pitch is 0.110 mm and the distance between the screen and the barrier (air 
displacement distance) is 0.85 mm, the distribution of a beam in the vicinity of right and 
left convergent points with respect to 1000 right and left pixels respectively when 
thinned to 1/14 is obtained by simulation. It could be confirmed, as shown in figure 16, 
that the distance between convergent points a and b is approximately 65 mm and a 
function similar to an optical filter having a regular pitch between slits (barrier pitch) of 
an ideal value can be provided. 
[0060] 

When the optical filter is arranged between the liquid crystal panel with a pixel 
pitch of 0.11 mm and the light source and when images having different view points on 
the right and left are formed on the screen pixel by pixel and are directly-viewed and 
observed about 501 mm in front of the liquid crystal panel, a high quality 3D image 
could be observed. 
[0061] 

Furthermore, in the aforementioned embodiment, the parallax barrier is formed 
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by a method which employs a laser apparatus that can control the irradiation area in 
units of 1 Jim. When an apparatus that can control the irradiation area in units of 0.1 
\im is employed, by randomly mixing and arranging two types of barrier pitches of 
0.2204 mm, larger than an ideal value of 0.220372 mm, and 0.2203 mm, smaller than 
the ideal value at a ratio of 18:7, an optical filter with an average barrier pitch of 
0.223072 mm can also be manufactured. In this case, the horizontal length of 1 cycle is 
5.51 mm. Similarly, also in the case of employing a printing technique, when barrier 
pitches of 0.23 mm and 0.22 mm are mixed by 1:26, the optical filter with an average 
barrier pitch of 0.22037 mm and the horizontal length of 1 cycle of 5.95 mm is formed. 
[0062] 

The whole optical filter, according to Embodiment 6 of the invention shown in 
figure 17, is divided into a plurality of cycles C each having a longitudinally striped 
shape and a barrier (shaded portion) 1 in which 3 types of barrier pitches A, B and C are 
randomly mixed is formed in each cycle C. Moreover, the barrier 1 is formed so that 
an average barrier pitch of each cycle C is an ideal barrier pitch B (0.22037 mm) 
calculated from a distance between eyes E (65 mm) and a pixel pitch P (here, 0,11 mm). 
[0063] 

In the aforementioned embodiment, by employing an apparatus that can control 
the irradiated area in units of 0.1 pim, as shown in figure 17, three types of barrier 
pitches, 0.2205 mm (barrier pitch A) and 0.2204 mm (barrier pitch B) larger than an 
ideal value of 0.22037 mm, and 0.2203 mm (barrier pitch C) smaller than the ideal value, 
are randomly mixed within each cycle C and arranged as many as the barriers. 
Accordingly, an optical filter can be manufactured with an average barrier pitch of 
0.21963 mm. In the embodiment figure 17 shows, barrier pitches are randomly mixed 
so that the number of the barrier pitch A portion is 9, the number of the barrier pitch B 
jK)rtion is 3, and the number of barrier pitch C portion is 18 to arrange of 30 barriers 
within three cycles. 
[0064] 

In each of the above-mentioned embodiments, the whole is divided into a 
plurality of cycles C each having a longitudinally striped shape and in each cycle C, a 
barrier, in which plural types of barrier pitches are randomly mixed, is formed. It is 
formed so that the average barrier pitch of each cycle C is the ideal barrier pitch B 
calculated from the distance between eyes E and the pixel pitch P. In the embodiment 
shown in figure 18 and figure 19, plural types of barrier pitches are entirely and 
randomly mixed without dividing the whole into a plurality of cycles each having a 
longitudinally striped shape. 
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[0065] 

In Embodiment 7 shown in figure 18, two types of barrier pitches, 0.2204 mm 
(barrier pitch B) larger than the ideal value of 0.22037 mm and 0.2203 mm (barrier pitch 
C) smaller than the ideal value, are mixed not in a cyclical manner but at random and 
arranged as many as the barriers. Accordingly, a parallax barrier having an average 
barrier pitch of 0.22037 mm is formed. 
[0066] 

In Embodiment 8 shown in figure 19, three types of barrier pitches, 0.2205 mm 
(barrier pitch A) and 0.2204 mm (barrier pitch B) larger than the ideal value of 0.22037 
mm and 0.2203 mm (barrier pitch C) smaller than the ideal value, are mixed similarly 
not in a cyclical manner but at random and arranged as many as the barriers. 
Accordingly, a parallax barrier having an average barrier pitch of 0.22037 mm is 
formed. 
[0067] 

Also in this embodiment, as in the aforementioned, the barrier pitch of the 
optical filter 12 may be designed so that a beam from the liquid crystal display device 10 
enters the diameter of the pupil; accordingly, 3D viewing can be obtained. Therefore, 
by setting each barrier pitch and the number thereof according to the ideal value of the 
barrier pitch so as to satisfy the above-mentioned formula 5, an optical filter which can 
provide 3D viewing can be formed. 
[0068] 

Moreover, the invention can be applied to not only the case of the optical filter 
for separating images of two types as mentioned above, but also the case of an optical 
filter in a multiple eye type glasses-free 3D display device such as for separating images 
of the three or more types. 
[0069] 

[Effect of the Invention] 

As in to the aforementioned explanation, in the optical filter of the invention, 
the barrier is formed so that the pitch between the slits, namely, the barrier pitch is 
unequal and the average barrier pitch is an ideal barrier pitch calculated from the 
distance between the eyes and the pixel pitch. Light transmitted between each barrier 
from the pixel of the screen can be collected in the pupils of the observer. Viewed with 
the naked eye, the variations of the barrier pitch within each cycle is unnoticed and 3D 
viewing is achieved, as in the case of employing an optical filter with the ideal barrier 
pitch. 
[0070] 
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Furthermore, the optical filter of the invention may have unequal barrier pitch. 
Therefore, the barrier pitches which can be formed by the conventional manufacturing 
apparatus can be mixed, and an optical filter can be made to have a function similar to 
that of an optical filter having an ideally regular barrier pitch using a method that 
employs the conventional printing technique or a method that employs the laser beam, 
which provides a significant advantage in reducing cost. 
[0071] 

Particularly in the case of forming a barrier pitch with an accuracy of 1 \mi 
units in the optical filter of the invention, an optical filter having a function similar to an 
optical filter with an ideal barrier pitch can be made using a method that employs a 
printing technique which is dramatically less expensive compared to a manufacturing 
method by a laser beam; thus, it is more advantageous for achieving cost reduction. 
[0072] 

Furthermore, the whole is divided into a plurality of cycles each having a 
longitudinally striped shape and the barrier is formed so that the pitch between the slits, 
namely, the barrier pitch in each cycle is unequal and the average barrier pitch of each 
cycle is an ideal barrier pitch calculated from the distance between the eyes and the pixel 
pitch. Accordingly, similar to the case of having an ideal barrier pitch, most of the 
light passed between each barrier from the pixel of the screen converges at the two 
convergent points having almost the same distance as the ideal distance between the 
eyes. Viewed with the naked eye, the variations of the barrier pitch within each cycle 
is unnoticed and 3D viewing is achieved, as in the case of employing an optical filter 
with the ideal barrier pitch. 
[0073] 

In the directly-viewed glasses-free 3D display device of the invention, since the 
above-mentioned optical filter of the invention is arranged in front of or behind the 
screen, most of the light passing between each barrier from the pixel of the screen, as in 
the case of an ideal barrier pitch, converges at the two convergent points having almost 
the same distance as the ideal distance between the eyes. Viewed with the naked eye, 
the variations of the barrier pitch within each cycle is unnoticed and 3D viewing is 
achieved, as in the case of employing an optical filter with the ideal barrier pitch. 
[0074] 

Moreover, since the above mentioned optical filter is made by using a method 
which employs the conventional printing technique or a method which employs a laser 
beam, it has an advantage of reducing cost and is more advantageous particularly when 
the method which employs the printing technique is used. As with the 3D display 
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device and its optical filter in which the optical filter is arranged between the light 
source and the image display portion, a similar effect as mentioned above can be 
achieved. 



[Brief Description of Drawing] 

[Fig. 1] An explanatory diagram showing the relationship of a distance between the 
eyes, a barrier pitch and a pixel pitch of the parallax barrier method. 
[Fig. 2] An explanatory diagram of a simulation obtaining the distribution of a beam in 
the vicinity of the convergent point, 

[Fig. 3] A distribution figure of a beam in the vicinity of the convergent point by a 
simulation of the case with an ideal value. 

[Fig. 4] An enlarged front view of a substantial part of a conventional example. 

[Fig. 5] A distribution figure of a beam in the vicinity of the convergent point by a 

simulation of a conventional example. 

[Fig. 6] A distribution figure of a beam in the vicinity of the convergent point by a 

simulation of the parallax barrier with high accuracy in 0.01 \im units. 

[Fig. 7] An explanatory diagram showing the relationship of the distance between the 

eyes, the slit pitch and the pixel pitch in the case of a method in which the optical filter is 

arranged between the light source and the image display device. 

[Fig. 8] A schematic front view of the invention. 

[Fig. 9] An enlarged front view of the case in which the optical filter of this invention 
is employed as a parallax barrier. 

[Fig. 10] A distribution figure of the beam in the vicinity of the convergent point by 
simulation in the case of using the optical filter of this invention as a parallax barrier. 
[Fig. 11] An enlarged front view of the case in which the optical filter of this invention 
is employed as a parallax barrier. 

[Fig. 12] An enlarged front view of the case in which the optical filter of this invention 
is employed as a parallax barrier. 

[Fig. 13] An enlarged front view of the case in which the optical filter of this invention 
is employed as a parallax barrier. 

[Fig. 14] Explanatory figures each showing the relationship between the distance 
between the eyes, the barrier pitch and the pixel pitch of the parallax barrier method, in 
which (a) shows the case of an ideal barrier pitch and (b) shows the case of the 
embodiment of the invention. 

[Fig. 15] An enlarged front view of the case in which the optical filter of this invention 
is employed in the slit light source method. 
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[Fig. 16] A distribution figure of the beam in the vicinity of the convergent point by 
simulation of the case in which the optical filter of this invention is employed in the slit 
light source method. 

[Fig. 17] An enlarged front view of the case in which the optical filter of this invention 
is employed in the slit light source method. 

[Fig. 18] An enlarged front view of the case in which the optical filter of this invention 
is employed in the slit light source method. 

[Fig. 19] An enlarged front view of the case in which the optical filter of this invention 

is employed in the slit light source method. 
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[Amendment] 

[Date Submitted] April 14, H 7 (1995) 
[Amendment 1] 

[Document to be Amended] Specification 

[Item to be Amended] 0044 

[Method of Amendment] Modification 

[Content of Amendment] 

[0044] 

The whole parallax barrier, according to Embodiment 2 of the invention shown 
in figure 11, is divided into a plurality of cycles D each having a longitudinally striped 
shape and a barrier (shaded portion) 1 in which three types of barrier pitches A, B and C 
are randomly mixed is formed in each cycle D. Moreover, the barrier 1 is formed so 
that an average barrier pitch of each cycle D is an ideal barrier pitch B (0.21963 mm) 
calculated from a distance between eyes E (65 mm) and a pixel pitch P (here, 0.11 mm). 
[Amendment 2] 

[Document to be Amended] Specification 

[Item to be Amended] 0058 

[Method of Amendment] Modification 

[Content of Amendment] 

[0058] 
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Here, the mixture ratio of barrier pitches A and B with a calculated result of 
(37:63) by "tsurukamezan" is also possible. In this embodiment, two types of barrier 
pitches, A and B, of 0.221 mm and 0.220 mm are mixed at A:B = 10:17 in order to 
obtain 3D viewing with high quality by increasing the number of cycles by making the 
horizontal width of each cycle D smaller, to the extent that the deviation of an average 
barrier pitch from the ideal barrier pitch can be practically ignored. Thus, a parallax 
barrier with an average barrier pitch of 0.22037 mm and a horizontal length of 5.95 nm 
per cycle is obtained. 
[Amendment 3] 

[Document to be Amended] Specification 

[Item to be Amended] 0061 

[Method of Amendment] Modification 

[Content of Amendment] 

[0061] 

Furthermore, in the aforementioned embodiment, the parallax barrier is formed 
by a method which employs a laser apparatus that can control the irradiation area in 
units of 1 (im. When an apparatus that can control the irradiation area in units of 0.1 
^im is employed, by randomly mixing and arranging two types of barrier pitches of 
0.2204 mm, larger than an ideal value of 0.220372 mm, and 0.2203 mm, smaller than 
the ideal value at a ratio of 18:7, an optical filter with an average barrier pitch of 
0.220372 mm can also be manufactured. In this case, the horizontal length of 1 cycle is 
5.51 mm. Similarly, also in the case of employing a printing technique, when barrier 
pitches of 0.23 mm and 0.22 mm are mixed by 1 :26, the optical filter with an average 
barrier pitch of 0.22037 mm and the horizontal length of 1 cycle of 5.95 mm is formed. 
[Amendment 4] 

[Document to be Amended] Specification 

[Item to be Amended] 0062 

[Method of Amendment] Modification 

[Content of Amendment] 

[0062] 

The whole optical filter, according to Embodiment 6 of the invention shown in 
figure 16, is divided into a plurality of cycles D having longitudinally striped shape and 
a barrier (shaded portion) 1 in which three types of barrier pitches A, B and C are 
randomly mixed is formed in each cycle D. Moreover, the barrier 1 is formed so that 
an average barrier pitch of each cycle D is an ideal barrier pitch B (0.22037 mm) 
calculated from a distance between eyes E (65 mm) and a pixel pitch P (here, 0.11 mm). 



20 



[Amendment 5] 

[Document to be Amended] Specification 

[Item to be Amended] 0063 

[Method of Amendment] Modification 

[Content of Amendment] 

[0063] 

In the aforementioned embodiment, by employing an apparatus that can control 
the irradiated area in units of 0.1 M-m, as shown in figure 17, three types of barrier 
pitches: 0.2205 mm (barrier pitch A), 0.2204 mm (barrier pitch B) larger than an ideal 
value of 0.22037 mm, and 0.2203 mm (barrier pitch C) smaller than the ideal value are 
randomly mixed within each cycle D and arranged as many as the barriers. 
Accordingly, an optical filter can be manufactured with an average barrier pitch of 
0.21963 mm. In the embodiment figure 17 shows, barrier pitches are randomly mixed 
so that the number of the barrier pitch A portion is 9, the number of the barrier pitch B 
portion is 3, and the number of barrier pitch C portion is 18 to arrange of 30 barriers. 
[Amendment 6] 

[Document to be Amended] Specification 

[Item to be Amended] 0064 

[Method of Amendment] Modification 

[Content of Amendment] 

[0064] 

In each of the above-mentioned embodiments, the whole is divided into a 
plurality of cycles D each having a longitudinally striped shape and in each cycle D, a 
barrier, in which plural types of barrier pitches are randomly mixed, is formed. It is 
formed so that the average barrier pitch of each cycle D is the ideal barrier pitch B 
calculated from the distance between eyes E and the pixel pitch P. In the embodiment 
shown in figure 18 and figure 19, plural types of barrier pitches are entirely and 
randomly mixed without dividing the whole into a plurality of cycles having a 
longitudinally striped shape. 
[Amendment 7] 

[Document to be Amended] Specification 

[Item to be Amended] 0071 

[Method of Amendment] Modification 

[Content of Amendment] 

[0071] 

Particularly in the case of forming a barrier pitch with an accuracy of 10 [im 
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units in the optical filter of the invention, an optical filter having a function similar to an 
optical filter with an ideal barrier pitch can be made using a method that employs a 
printing technique which is dramatically less expensive compared to a manufacturing 
method by a laser beam; thus, it is more advantageous for achieving cost reduction. 
[Amendment 7] 

[Document to be Amended] Specification 
[Item to be Amended] Figure 14 
[Method of Amendment] Modification 
[Content of Amendment] 

[Fig. 14] Explanatory figures each showing how the light is collected in the pupil of 
the observer in the parallax barrier method, in which (a) shows the case with an ideal 
barrier pitch and (b) shows the case of the embodiment of the invention. 



22 



